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Purpose: Sickle cell disease (SCD) and thalassemia are common inherited blood disorders in Saudi Arabia, especially in Jazan
Province. Patients with these disorders require multiple blood transfusions, which may lead to alloimmunization because of
mismatched blood group antigens. In this study, we examined the alloimmunization and autoimmunization rates in patients with
SCD and thalassemia together with the involved antibodies.
Patients and Methods: A cross-sectional study was conducted to review the transfusion history records of patients with SCD and
thalassemia at Prince Mohammed bin Nasser Hospital, Jazan Province, Saudi Arabia.
Results: Four-hundred thirty-eight patients (385 with SCD, 52 with β-thalassemia, and 1 with α-thalassemia) were received
leukoreduced red cell transfusions. The alloimmunization and autoimmunization rates in patients with SCD were 12.98% and
0.52%, respectively. In patients with thalassemia, the alloimmunization and autoimmunization rates were 13.21% and 3.77%,
respectively. The most prevalent antibodies in the study population were anti-E (17.19%) and anti-K (14.06%).
Conclusion: The alloimmunization and autoimmunization rates were determined in patients with SCD and thalassemia in Jazan
Province, Saudi Arabia. The results highlight the need for extended phenotyping to include ABO, RH (D, C, c, E, e), K, Fya, Fyb, Jka

and Jkb antigens in the screening panel. This will benefit patients to ensure better transfusion practices.
Keywords: red cell alloimmunization, sickle cell disease, thalassemia, autoimmunization

Introduction
Sickle cell disease (SCD) is an autosomal recessive blood disorder in which normal hemoglobin A is replaced by sickle
hemoglobin because of a single point mutation in the hemoglobin subunit β gene.1 The incidence of SCD is highest in
sub-Saharan Africa, the Middle East, and India.2 High frequencies of SCD have been reported in the Eastern and
Southwestern Provinces of Saudi Arabia.3,4

In recent decades, substantial progress in the management of SCD has been achieved through early diagnosis and
good medical care. However, acute and chronic complications of SCD, which largely contribute to hemolysis and vaso-
occlusive crises, remain life-threatening.5 Red blood cell (RBC) transfusion remains the cornerstone of SCD manage-
ment. In addition to the correction of anemia, blood transfusion greatly reduces inflammation and endothelial injuries in
patients with SCD.6

Thalassemia is one of the most widespread inherited “monogenic” hemoglobin disorders caused by the decreased
production or absence of one or more globin chains.7 The clinical severity of thalassemia varies depending on the number
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of affected α and/or β genes. Patients with thalassemia major require frequent blood transfusions. Conversely, many
thalassemia carriers remain asymptomatic.8

Thalassemia is extremely prevalent in Mediterranean and Middle Eastern countries, including Saudi Arabia.9,10 The
frequency of β-thalassemia per 1000 individuals in Saudi Arabia is 13.6%, with disease and carrier rates of 0.7% and
12.9%, respectively.11 Similar to SCD, β-thalassemia was found to be most prevalent in Jazan and the Eastern Province
in a national premarital screening program.12

Alloimmunization occurs when patients receive incompatible blood units, which results in exposure to foreign
antigens and the subsequent production of antibodies.13 These antibodies attach to donor RBCs, leading to their
destruction in the patient’s circulation. RBC alloimmunization is a major complication in patients with SCD and can
result in delayed hemolytic transfusion reactions (HTR) and hyperhemolysis.14 The alloimmunization risk is associated
with several factors, including patient age, age at which transfusion was started, number of blood transfusions received,
transfusion of non-leukodepleted packed RBCs, transfusion of old blood, and patient sex (females have higher rates than
males).15–18 The alloimmunization rate among transfusion-dependent patients also varies based on the population.

The alloimmunization rate in patients with SCD ranges between 20% and 30%; however, this high rate was
considerably reduced when blood from racially homogenous populations was utilized for transfusion.19–21 The rate of
SCD alloimmunization in Arabian Gulf countries varies from 13.7% to 65.5%.22–25 The reported alloimmunization rates
in patients with thalassemia were 33.57% in Saudi Arabia,24 20% in Oman,25 and 30% in Kuwait.26

Considering these findings, the present study assessed the prevalence of alloimmunization and autoimmunization in
patients with SCD and thalassemia in Jazan Province, Saudi Arabia. Furthermore, the prevalence of the involved
antibodies were determined.

Materials and Methods
Patients
A cross-sectional study was conducted by reviewing the transfusion history records between November 2014 to
March 2017 from Prince Mohammed bin Nasser Hospital (PMBNH) in Jazan Province, Saudi Arabia. A total of 438
patients, including 385 with SCD, 52 with β-thalassemia major, and 1 with α-thalassemia were included in the study. All
patients received leukoreduced red cell transfusions.

The patients were categorized into two groups: SCD (n = 385) and thalassemia (n = 53, among whom which 52 had
β-thalassemia major and 1 had α-thalassemia). Ethical approval was obtained from the Institutional Review Board of
Jazan Hospital, Ministry of Health, Kingdom of Saudi Arabia (No. 2015).

Transfusion Policy
The patients’ samples were screened for the following antigens: A, B, O, AB, D, C, c, E, e, and K. These antigens were
investigated using ID System gel cards (Bio-Rad, Dreieich, Germany). The samples were tested using DiaClon ABO/D +
Reverse Grouping and DiaClon Rh Subgroups + K gel cards (Bio-Rad, Dreieich, Germany). Antibody screening and
identification were performed. Cross-matching was performed and antigen-negative matching blood units were provided
for the recipients.

Statistical Analysis
The alloimmunization and autoimmunization rates were calculated as percentages. P-values were calculated using
a Z-Test for two population proportions to compare differences in the alloimmunization rates in the present study with
those reported in other Arabian countries.27 P-values <0.05 and <0.01 indicated significant and highly significant
differences, respectively.

Results
In total, 438 transfusion-dependent patients (227 men and 211 women) admitted to PMBNH to receive blood transfusions
were screened for the presence of irregular antibodies. The sociodemographic characteristic of these patients are
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presented in Table 1. All the patients were Saudi nationals, and they resided in Jazan Province. The ages of the SCD
patients ranged from 7 to 67 years with the majority of these patients with the 25–45 year age group with 60.26%.
Regarding the thalassemic patients, the ages ranged from 10 to 51 years, in which the most common for the 17–24 years
age group at 52.84%.

Among the 438 patients, 57 patients had positive antibody screening test results. The results of the comparative
analysis of SCD and thalassemia between the present study and published data from Saudi Arabia and other Arabian Gulf
countries are presented in Tables 2 and 3, respectively. The alloimmunization rate in patients with SCD was 12.98% and
in those with thalassemia was 13.21%. The autoimmunization rates in patients with SCD and thalassemia were 0.52%
and 3.77%, respectively.

Table 4 presents the frequencies of antibodies in patients with SCD and thalassemia. The most prevalent antibody in
patients with SCD was anti-E (n = 11; 19.64%), followed by anti-K (n = 8; 14.28%). The frequencies of developed
antibodies in seven patients with thalassemia are also presented in Table 4. Anti-D and anti-Jka were detected in two
patients each (25%). Regarding the KEL blood group system, anti-K and anti-Kpa were observed in one patient each
(12.50%). In addition, unidentified autoantibodies were reported in two patients (25%).

The frequencies of A, B, AB, O, D, C, c, E, e, and K antigens among all patients are illustrated in Table 5. Concerning
the ABO blood group system, the occurrence of the antigens was as follows: A, 126 (28.77%); B, 48 (10.96%); AB, 10

Table 1 Sociodemographic Characteristics of the Participants

Characteristic Patient Groups

SCD Thalassemia

n % n %

Sex Male 200 51.95 27 50.94

Female 185 48.05 26* 49.06

Total 385 100 53 100

Age (years) <17 15 3.90 6 11.32

17–24 128 33.25 28 52.84

25–45 232 60.26 17 32.07

46–60 9 2.34 2 3.77

>60 1 0.25 0 0

Total 385 100 53 100

Note: *α-Thalassemia was diagnosed in a single female patient.

Table 2 Rates of SCD Alloimmunization in the Present Study and Studies Conducted in Saudi Arabia and Other
Arabian Gulf Countries

This
Study

Eastern
Region23

Jeddah24 Oman25 Kuwait
Group 122

Kuwait
Group 222

Population (n) 385 350 104 133 110 123

Alloimmunized patients 50 48 41 42 72 29

Alloimmunization rate 12.98% 13.7% 39.42% 31.6% 65.5% 23.6%

P-value 0.7742 0.0001 0.0001 0.000 0.0047
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(2.28%); and O, 254 (57.99%). The most common antigens found in more than 90% of patients were D and e antigens.
Specifically, the D antigen was present in 413 patients (94.29%), whereas the e antigen was detected in 438 patients
(99.32%). The incidence of the E antigen was lowest among the RH blood group system, being present in 118 patients
(26.76%). The K antigen was detected in 28 patients (6.34%).

Table 3 Rates of Thalassemia Alloimmunization in the Present Study and Those Conducted in Saudi Arabia and
Other Arabian Gulf Countries

This Study Jeddah24 Oman25 Arab (Kuwaiti and Non-Kuwaiti)26

Population (n) 53 104 129 190

Alloimmunized patients 7 37 26 57

Alloimmunization rate 13.21% 35.57% 20% 30%

P-value 0.0032 0.2789 0.0141

Table 4 Prevalence of Antibodies in Patients with SCD and Thalassemia

SCD Thalassemia Total

System Red Cell Antibody n (%) n (%) n (%)

MNS Anti-S 1 1.79 0 0 1 1.56

Anti-s 1 1.79 0 0 1 1.56

RH Anti-D 3 5.36 2 25 5 7.81

Anti-C 2 3.57 0 0 2 3.13

Anti-E 11 19.64 0 0 11 17.19

Anti-c 4 7.13 0 0 4 6.25

Lutheran Anti-Lua 1 1.79 0 0 1 1.56

Kell Anti-K 8 14.28 1 12.50 9 14.06

Anti-Kpa 1 1.79 1 12.50 2 3.13

Duffy Anti-Fya 2 3.57 0 0 2 3.13

Kidd Anti-Jka 3 5.36 2 25 5 7.81

Anti-Jkb 3 5.36 0 0 3 4.69

- Unidentified Alloantibodies 14 25 0 0 14 21.87

- Unidentified Autoantibodies 2 3.57 2 25 4 6.25

56* 100 8** 100 64 100

Notes: *56 antibodies were identified in 50 patients. ** 8 antibodies were observed in seven patients.

Table 5 Frequencies of ABO, RH, and K Antigens Among All Patients

A B AB O D C c E e K

All patients (n = 438) n 126 48 10 254 413 296 381 118 438 28

% 28.77 10.96 2.28 57.99 94.29 67.12 86.39 26.76 99.32 6.34

Abbreviations: PMBNH, Prince Mohammed bin Nasser Hospital; RBC, red blood cell; SCD, sickle cell disease.
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Discussion
We reported the alloimmunization and autoimmunization rates in Saudi SCD and thalassemia patients in Jazan Province,
Saudi Arabia. The alloimmunization rate in patients with SCD was 12.98%, which is similar to that in the Eastern
Province reported by Bashawri23 (13.7%, Table 2). Conversely, the alloimmunization rate in Jazan Province was
significantly lower (P < 0.05) than that reported in studies conducted in Jeddah, Saudi Arabia (39.42%),24 Oman
(31.6%),25 and Kuwait group 1 (65.5%) and Kuwait group 2 (23.6%).22 The alloimmunization rate in patients with
thalassemia was 13.21% (Table 3). This rate was significantly lower than that reported in Jeddah city (35.57%, P <
0.01),24 Arabian populations (Kuwaiti and Non-Kuwaiti; 30%, P < 0.05),26 and Oman (20%).25

A possible explanation for the low alloimmunization rate in Jazan Province may be the phenotyping conducted at
PMBNH for both donors and recipients. This phenotyping includes screening for ABO, RH (D, C, c, E, e) and
K antigens. In contrast, in previous studies by Ameen et al and Hindawi et al,22,24 only ABO and D antigens were typed
and considered for blood transfusion. This hypothesis is supported by a study conducted in Kuwait, which found that
group 2, in which matching for ABO, RH (D, C, c, E, e), and K antigens was conducted, had a significantly lower
alloimmunization rate (23.6%) than group 1 (65.5%), in which matching was performed only for ABO and
D antigens.22

Moreover, a study by Castro et al found that different protocols of blood group phenotyping could affect the
alloimmunization rate in patients with SCD receiving multiple units of transfused blood. They reported that the protocol
of providing blood matched for the ABO, RH (D, C, c, E, e) and K antigens would decrease the alloimmunization rate by
53.3%.28 In addition, matching the RH (D, C, c, E and e) and K antigens was shown to significantly reduce the
alloimmunization rate in patients with thalassemia.29

In the study population, 56 antibodies were detected in 50 immunized patients due to receiving multiple blood
transfusion units. Although the transfusion protocol used for phenotyping includes ABO, D, C, c, E, e and K antigens, the
most prevalent antibodies were anti-E and anti-K, at 17.9% and 14.06%, respectively. This is because these patients
received compatible blood transfusion units for ABO and D antigens only and not for C, c, E, e, and K antigens. These
transfusions were conducted at different hospitals in emergency situations and before referral to PMBNH. The same
findings were reported by Hindawi et al, in which anti-E and anti-K were the most frequent alloantibodies.24

The reasons for the alloimmunization rate in the present study could be attributed to racial variations among the blood
donors compared with the transfusion recipients. This may be associated with non-Saudi blood donors living in Jazan
Province who donate blood to local blood banks. Moreover, patients with multiple antibodies have difficulties in
obtaining antigen-negative blood. Furthermore, female patients with SCD and thalassemia comprised 48.17% of the
study population, in which female patients normally have greater alloimmunization risks than male patients due to
previous pregnancies.16

The autoimmunization rates in the current study were significantly lower than that reported by Ameen et al, which
was 11% in thalassemia patients.26 Interestingly, autoantibody formation has been associated with blood transfusion.30

However, the incidence of autoantibodies has been reported to be lower than that of alloantibodies.31 Despite their lower
frequency, autoantibodies may reduce the life span of RBCs, hamper cross-matching and lead to hyperhemolysis.29 In
addition, autoantibodies might impede the compatibility of donated blood units with the recipients’ blood.32 Indeed, the
development of those autoantibodies follows the formation of alloantibodies.33

The frequencies of the various blood groups among Saudi blood donors were determined in Jazan Province, Saudi
Arabia.34–38 There were similarities between the blood donors in Jazan area and the patients in the present study. Five
patients were produced alloanti-D, in which four male patients and one female. This female was a 35-years-old and might
produce alloanti-D due to previous pregnancies. The formation of alloanti-D in the four male patients could be
attributable to the presence of partial D antigen in the recipients, which has some missing D epitopes and.
Consequently, this may lead to the production of alloanti-D against the missing parts of the intact D antigen, when
receiving normal D-positive blood units containing all the D epitopes. Such a phenotype must be treated as D-negative
phenotype and receive D-negative blood, which sometimes cannot be feasible due to the shortage in supply of this
phenotype. Blood group genotyping may be the gold standard for overcoming the complexity of D antigen and its
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variants.39 It is highly recommended to investigate the D antigen among the Saudi Arabian population, especially in
Jazan Province.

Two patients among the study population produced anti-Fya. Halawani et al found that the Fy(a−b−) was the most
prevalent phenotype (78.32%) in Jazan Province.36 Individuals with this phenotype may be prone to develop anti-Fya and
anti-Fyb if they receive blood units containing the Duffy antigens. Regarding the Kidd blood group, five patients
produced anti-Jka, while three patients produced anti-Jkb. This may reflect the prevalence of Jk(a+b−) and Jk(a−b+) in
Jazan Province with 34.96% and 12.59%, respectively.37 Anti-S and anti-s were observed in a single patient each. The
frequency of S and s antigens in Jazan Province were 61.07% and 82.55%, respectively.38

According to the frequencies of red cell antigens among the Saudi population in Jazan Province, it is highly
recommended to extend the red cell phenotyping protocol to include the following antigen; ABO, RH (D, C, c, E, e),
K, Fya, Fyb, Jka and Jkb for SCD and thalassemia patients. A protocol by Lasalle-Williams et al was applied to SCD
patients and was reduced the alloimmunization risk to 7%. The matching was for the following antigens; ABO, RH (D,
C, c, E, e), K, Kidd and Fya.40

A national registry for the blood donor phenotypes is extremely essential. This can help to establish a database of rare
blood donors phenotypes around the Kingdom of Saudi Arabia and benefit different patients by reducing the risk of HTR.
The limitation of this study was regarding the SCD patients with the unidentified antibodies, which were antibodies
whose specificity could not be determined. This was due to the antibody identification panel was insufficient to identify
the specificity.

Conclusion
We reported the alloimmunization and autoimmunization rates in patients with SCD and thalassemia in Jazan Province,
Saudi Arabia. The most prevalent antibodies among the study population were anti-E and anti-K. It is highly recom-
mended to perform extended phenotyping for the ABO, RH (D, C, c, E, e), K, Fya, Fyb, Jka and Jkb antigens and include
them in the screening panel. This might provide compatible blood units for patients requiring multiple transfusions to
ensure safety and reduce the alloimmunization risk.
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